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ABSTRACT AFI (AlPO4-5, CoAPO-5, SAPO-5, CrAPO-5, FeAPO-5 and MnAPO-5) molecular sieves
were synthesized by hydrothermal method, and then single-walled carbon nanotubes (SWCNTs) with a di-
ameter of 0.4 nm were prepared in the channels of these kind molecular sieves by low-temperature hy-
drocracking. The effect of the type and the amount of active metals, the hydrocracking temperature and
the carbon content of template agents was investigated by means of XRD, NH3-TPD and micro-Raman
spectroscopy. The results show that the addition of Si or active metal can improve the quantities of acid
sites in the AFI molecular sieves, which can improve the density and quality of the SWCNTs in the chan-
nels of the hydrocracked AlPO4-5 molecular sieves. Besides, the hydrocracking temperature and the car-
bon content of template agents are also key influence factors for the preparation of SWCNTs.
KEY WORDS inorganic non-metalic materials AFI molecular sieves, SWCNTs, IRBM/IG, low-temperature
hydrocracking
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(升温速率为 5℃/min)空气氛中焙烧 10 h脱除模板
剂，用于分析分子筛样品的活性。同时，采用低温
加氢裂解法对所制备样品进行 SWCNTs制备实







分。最后通入 50% H2-50% N2 混合气(气体流速为
50 ml/min)并维持炉内压力在 0.01 MPa左右，同时
将马弗炉以 3℃/min升温至设定温度 (280，300，



















制备了 AlPO4- 5(TEA)、AlPO4- 5(TPA)、CoAPO- 5














Fig.1 Schematic diagram of the apparatus for SWCNTs preparation via low-temperature hydrocracking
表1 AFI分子筛的合成液配比和产物分析
















Al2O3: 1.3P2O5: 2.4TEA: 150H2O
Al2O3: 1.3P2O5: 2.4TPA: 150H2O
Al2O3: 1.3 P2O5: 0.075SiO2: 2.4TEA: 150H2O
Al2O3: 1.3 P2O5: 0.075Cr2O3: 2.4TEA: 150H2O
Al2O3: 1.3 P2O5: 0.075Mn2O3: 2.4TEA: 150H2O
Al2O3: 1.3 P2O5: 0.075CoO: 2.4TEA : 150H2O
Al2O3: 1.3P2O5: 0.15CoO: 2.4TEA: 150H2O
Al2O3: 1.3 P2O5: 0.2CoO: 2.4TEA: 150H2O
Al2O3: 1.3 P2O5: 0.3CoO: 2.4TEA : 150H2O
Al2O3: 1.3 P2O5: 0.075Fe2O3: 2.4TEA: 150H2O
Al2O3: 1.3P2O5: 0.15Fe2O3: 2.4TEA: 150H2O
Al2O3: 1.3P2O5: 0.2Fe2O3: 2.4TEA: 150H2O



























































FeAPO- 5＞SAPO- 5＞MnAPO- 5＞CrAPO- 5。当使
用TPA作为分子筛模板剂时，所制备样品在 510和


























图 3 在 350℃加氢裂解处理后分子筛样品中SWCNTs
的拉曼谱图
Fig.3 Raman spectrum of the SWCNTs in the samples hy-
drocracked at 350℃ (1) AlPO4-5 (TEA); (2) SAPO-
5 (TEA); (3) CoAPO- 5 (TEA，Co/Al=0.0375); (4)
FeAPO- 5 (TEA，Fe/Al=0.0375); (5) MnAPO- 5
(TEA, Mn/Al=0.0375); (6) CrAPO-5 (TEA, Cr/Al=
0.0375); (7) AlPO4-5 (TPA)














Fig.2 XRD patterns of the synthesized molecular sieves
(1) AlPO4-5 (TEA); (2) AlPO4-5 (TPA); (3) SAPO-
5 (TEA); (4) CrAPO- 5 (TEA, Cr/Al=0.0375); (5)
MnAPO- 5 (TEA, Mn/Al=0.0375); (6) FeAPO- 5
(TEA, Fe/Al=0.0375); (7) CoAPO-5 (TEA, Co/Al=
0.0375)










































































Fig.4 XRD patterns of the synthesized CoAPO4-5 (TEA) and FeAPO4-5 (TEA) molecular sieves: (1) Co/
Al=0.0375; (2) Co/Al=0.075; (3) Co/Al=0.1; (4) Co/Al=0.15; (5) Fe/Al=0.0375; (6) Fe/Al=0.075;
(7) Fe/Al=0.1; (8) Fe/Al=0.15
图5 在350℃加氢裂解处理后CoAPO4-5(TEA)及FeAPO4-5(TEA)分子筛样品中SWCNTs的拉曼光
谱图
Fig.5 Raman spectrum of the SWCNTs in the channels of CoAPO4-5 (TEA) and FeAPO4-5 (TEA) crys-
tals hydrocracked at 350℃ (1) Co/Al=0.0375; (2) Co/Al=0.075; (3) Co/Al=0.1; (4) Co/Al=0.15;
(5) Fe/Al=0.0375; (6) Fe/Al=0.075; (7) Fe/Al=0.1; (8) Fe/Al=0.15
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构。如表3所示，CoAPO4-5(TEA)和FeAPO4-5(TEA)
系列样品的变化趋势基本一致。当Co/Al或 Fe/Al

















































Fig.6 NH3-TPD curves of CoAPO-5 molecular sieves (1)
Co/Al=0; (2) Co/Al=0.0375; (3) Co/Al=0.075; (4)
Co/Al=0.1; (5) Co/Al=0.15
表 3不同Co/Al和 Fe/Al的金属杂化AlPO4-5(TEA)分子筛孔道中制备的 SWCNTs的拉曼特征峰值
(IRBM，IG)及 IRBM/IG值
Table 3 Normalized integrated intensities of the Raman bands of SWCNTs prepared in the channels of



































































































Table 4 Normalized integrated intensities of the Raman bands of SWCNTs prepared in the channels of





































Fig.7 Raman spectra of SWCNTs in AlPO4-5 (TEA) and AlPO4-5 (TPA) crystals hydrocracked at various
temperatures (1) AlPO4-5 (TEA, 280℃), (2) AlPO4-5 (TEA, 300℃), (3) AlPO4-5 (TEA, 320℃),
(4) AlPO4-5 (TEA, 350℃ ), (5) AlPO4-5 (TEA, 400℃ ), (6) AlPO4-5 (TPA, 280℃ ) (7) AlPO4-5
(TPA, 300℃ ), (8) AlPO4- 5 (TPA, 320℃ ), (9) AlPO4- 5 (TPA, 350℃ ) and (10) AlPO4- 5 (TPA,
400℃)
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